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DISPERSION OF IMMISCIBLE PE/ISES 

This invention relates to an apparatus and method for producing dispersions of 
two or more immiscible phases, for example in the manufacture of emulsions and 

must be carefully controlled. 

The production of oil-in-vater and water-in-oil emulsions and other multiphase 
mixtures is of significant economic importance worldwide but the method of 
manufacture can be problematical* especially in scale-up from laboratory to 

^•^p'ilotx^hd:^ 
;:;::;;:^ : d:;yir;iatib^ 

For example, most existing: methods of emulsion manufacture rely on the 
establishment of turbulent flow in a fluid-mixing regime consisting of two 
immiscible liquids contained wi^ 

turbulent eddies produced by vigorous stirring, one phase is broken up into 

;:;;;:|:;4*?p^ 

(continuous) phase- The size and size-distribution of these droplets is of 
critical importance, since it determines the stability of the emulsion against 
coalescence and its suitability for intended use. For a given pair of phases 

the size of the turbulent eddies and the time exposure to those eddies. There 
have been proposed in the literature (Walstra, Encyclopaedia of Emulsion 
Technology, Vol. 1, 1983, Belcher (Ed), Dekker, New York)) relationships which 

volume:. The value of the energy input depends upon the surface tensions of the 
liquids, their density and the power input for an agitator of given geometry. 
The energy input might typically vary from 10* watts per cubic meter (for a 
paddle stirrer) to 10^ watts per cubic meter (for a high-pressure 

The long-standing problem is that such processes are inefficient because 
neither can the turbulence be controlled or generated Consistently throughout 
the volume of liquid in large manufacturing vessels, hot can the behaviour of 




experiments in a laboratory. The consequence is that energy is used 
inefficiently and, more importantly* it is not possible to control the droplet 
size or the size distribution with any confidence;. 

Alternative methods have been proposed based, for example, on droplet 
formation using electrostatic or ultrasonic nozzles; nevertheless the 
resulting product quality, cost and scalability of these methods are 



Various methods have recently been proposed wherein a membrane is used to 

:;:i-:ii:45 : 37x<^ 
::;^iilsio^ 

:*:6£;:;i : ;:iD^ 

subjected to ultrasonic radiation during the process. Nakashima et al., Key 
Engineering Materials, 1991, Vol. 61-62, pp 513-516, describe a method of 

:|:preparin£:; 

■;^st;:npt : ::Wet:^ 

various patent specifications* namely EP 546,174 AI# US 4*657,875 and US 
5,326,484. In these, the membrane is made of glass and its pores are of 

: : uri if orm : : si 



method for the manufacture of emulsions by passing one phase into another 

involves the use of a commercially-available asymmetric ceramic filter. 

According to the present invention there is provided a method for preparing a 
mixture of the emulsion type wherein a discontinuous phase is introduced into 
a circulating continuous phase by passage through a membrane which is 
characterised by at least one of the following features: - 

(a) it consists of a ceramic or sintered metal material; 

(b) it is formed in a plurality of segments which may be identical or 
different from each other; 




(c) at least one segment is tubular in shape and divergent in diameter along 
the length of the tube.. 

According to a. further feature of the invention there is provided an apparatus 
so designed as to enable the method of the invention to be carried out, said 
apparatus comprising a membrane as defined above together with means for 
providing a circulating continuous phase, means for providing a discontinuous 
phase and a source of pressure to force the discontinuous phase through the 
xtoertbrai^ 

The factors which determine the size of the droplets in the discontinuous 

xphasevl^apd;^ 

(ii) the rate of flow of the continuous phase across the membrane; 

:;:(i;*i; : )x 

:':{'iv):';y- 

(v) the interfacial tensions, densities and viscosities of the phases. 

: :The';:iBe^^ 

particularly it is preferably substantially tubular in 

shape with the pores passing radially through the material of the tube. The 

xsi;ze;:;aridxs^ 

;:1f^:!typ^ 

;:ix^:;ayexdiesir 

surface chemistry of the membrane may be adapted to provide varying degrees of 
wettability. 

When the membrane is formed of sintered metal it will preferably have a roiled 
surface finish. 

The method and apparatus of the invention may be adapted to produce either a 
single-phase emulsion or an emulsion containing a plurality of discontinuous 
phases* and it may work in either a batch-process or a continuous production 
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When a batch-process is desired, the membrane may be formed in the shape of a 
diverging tube. The continuous aqueous phase is circulated and recirculated 
through the inside of the tube and the discontinuous oil phase is forced 
through the tubular membrane wall into the continuous phase. The tube is made 

membrane surface, as the total volume and viscosity of the emulsion increase 
as more oil phase is added to the aqueous phase during passage along the tube. 
This divergence is however not absolutely essential to the operation of the 
invention. The pore structure of the membrane may be varied, both in terms of 
individual pore area and number of pores per unit area of the membrane, to 
ensure that there is uniformity of droplet site along the length of the tube. 
The circulation of aqueous phase is stopped when the volume of oil phase in 
■:th^^^i£ib^ 

a storage vessel from which the desired emulsion is bled off when the volume 
of oil phase has reached the desired level. 



::i^:roeunbranie : ^ 

;:it : ;:tnay:;:tbnsist 

••ftf^a^s^j^^ 

membrane may be adapted to permit a plurality of different droplet sizes or 
:i size j: distribution^^ 

itself , and the pressure under which the oil phase is f orced through the 
membrane, can be varied as desired for each of the individual segments. 



It is also important that the temperatures of the different oil phases, and 
indeed that of the continuous phase, may be individually adjusted to optimise 
the operation of the invention. 



According to a further feature of the invention there is provided a method of 
preparing a mixture of the emulsion type wherein the discontinuous phase 
consists of an encapsulated substance, which comprises the use of a segmented 
membrane of the type described above wherein a first segment distributes a 
discontinuous phase into a continuous phase, and a further segment distributes 
a further discontinuous phase which coats the first discontinuous phase. 




encapsulation process may then be carried out, for example, by passing the 
initial emulsion through a conical tube into a narrower-bore membrane tube 
incorporating a flow- splitter along its axis to reduce the effective flow area 
between the splitter and the membrane surf ace* The further oil phase 
introduced into the narrower- bore membrane tube, by means generally desribed 
above, then forms a coating on the droplets of the initial oil phase. It must 
be understood that the surface properties of the further membrane are 
important in controlling the oleophilicity of the further oil phase and thus 
improving the coating of the initial oil phase* 

:;i6h;tt^ 

s i ze- d i s t r i but i on of the initially-formed discontinuous phase droplets as a 
feed-back signal to control the cross-flow velocity of the continuous: phase 

ij^dxtj^^ 

The on-line measurements may be obtained by the use of laser scanning 
microscopy, conductivity measurements and/or other suitable measurement 
methods. These measurements may separately be iised to: provide quality^^:^: : : 

The invention is further illustrated but not limited by way of example with 
reference to the following drawings i* 

Figure 1 shows a schematic diagram of a single module cross-f low membrane unit 



(c) 
into 



•ivtiich^ 

(a) a vessel (2) containing the aqueous phase which is adapted to provide for 
the recirculation of that phase; 

a vessel (11) containing the oil phase; 

a membrane cross-flow unit (10) through which the oil phase may be passed 

&:;firi^ 
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Both vessels (2) and (11) are provided with heating means (1) and (12) 
respectively and vessel (18) is provided with cooling means (19). Vessel (11) 
is further provided with filling means (8) and a source of pressure (9). The 

^■^^■^^ 

hereinafter be described under the description of the procedure for operation. 

The membrane unit (10) is shown in more detail in f igure 1(a) . The cylindrical 

a further (usually stainless steel) concentric body (26) , separated from (22) 
by seals (23) and adjustable by clamp means (29), provides a chamber (24) 

the oil phase (27) and for the aqueous phase (28). 



In operation, vessel (2) is filled to the appropriate level with the aqueous 
phase through valve (4), valve (17) and sampling valve (15) being closed. 

appropriate temperature by means of the heating tapes (1) and (12). The 
aqueous phase is then caused to flow through the apparatus by operation of 
pump (16) and regulation by valve (4) as shown by flowmeter (3) and pressure 
guages (5) and (14). 



the oil phase in vessel (11) is brought to the appropriate pressure by means 
of pressure valve (9), initially air being purged from the chamber (24) by 

valve (9) . The emulsif ication process is begun by opening valve (13), the oil 
phase being forced under pressure through entry (27) and through the membrane 

;: : : ;::(:25:)->:iritb:':the 



The process is continued until the volume of oil in the emulsion reaches the 
desired level. This can be determined by noting the volume of oil phase 
remaining in vessel (11) and by samples of the emulsion removed through 
sampling valve (15). Sroaill variation in the rate of flow of the aqueous phase 
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can be controlled by valve (4). The process is terminated by closing valve 

!::c£ote& 

Figure 2 shows a sequence of photographs, taken with a high-speed 
video- camera, of the detachment of an oil droplet from a pore of a membrane 
The data shown are for a coarse pore of 98 Mm diameter tod a pressure drop of 
2 psi. The double-hatched picture represents the final detchmerit of the 
droplet from the pore; it can be seen that increasing the cross^f low velocity 
of the aqueous phase from 0.19 m/s to 0.40 m/s decreases; the droplet formation 
time from: 2380 milliseconds to 420 milliseconds. 

Figure 4 shows : iii igrabhical foim: the relatl^ 

;:;4i:|5t;ri^^ 

droplet size distribution. The droplet size distribution can be controlled by 
varying the pore size distribution as well as by varying the cross^flow 
velocity. 

Ti^texS xstiw^ 

velocity of the aqueous phase on:- : 
(a) droplet; size;. : : 

video- camera); and 
(d) Reynolds Number based on the tube diameter of the membrane module. 
Ail data were obtained using a coarse pore size of 98 pro diameter and a 

:P?**J5f^:;^ 

reduces the size of the oil droplets but increases the production rate 
thereof. 




(a) cross ^flov velocity of the aqueous phase; and 

(b) pressure drop across the membrane. 

Figure 7 shows in graphical form an example of the evolution of droplets per 
area (m 2 ) of membrane. This example is from a batch production process using a 
coarse membrane with narrow pore size distribution. 

Figure 8 shows a schematic diagram of a segmented membrane tube (corresponding 

::i^e^oii:;:iphase 

chambers 1 and 2 and the membranes 3 and i will differ from each other) or for 
two different oil phases ( irt which case two different oil phases will be 
contained in chamber is 1 and 2 and the membranes 3 and k may be the same or 

:^di. : ffe^ 

i:i^^^s;:itib:j:^ 

In a second embodiment, exemplified in Figures 11 to 16, 

unit, similar, to that shown in Figure 1, which is adapted to provide 

:>Coiri£inu : bu : s^ 
^fegu^ 

tank, a washing tank, a continuous phase circulation pump, a pressure guage 
and a membrane module, all labelled, and valves numbered 1 to 6 the functions 
of which are described below. 

: - : £iwr^-il{^ 
: ;::that>:desciib^dxiri^ 
element is 600 mm. in length and has a 5 mm. internal diameter . The inner 



i 



In operation, the two phase tanks are filled with appropriate fluids, the 
membrane is saturated vith aqueous phase and vith all valves closed the pump 
and stirrer (the latter slowly enough to prevent vortex motion) are switched 
on. By adjustment of the pump the flow rate of the aqueous phase through the 
membrane is reduced to that desired* Valves 3 and 6 are then opened and air 
allowed into the system to produce the desired pressure of the oil phase . the 
emulsifi cation process is then started by opening valve 2. 

^e^dropli^ 

closing all valves, releasing the air pressure and stopping the pump and 
stirrer. The finished product Was released from the aqueous: phase tank and the 
system washed out before the next operation. 

;in:;:iai>:tM^ 

Figure 21 shovs a scheMtic d 

:un i t • : |wh ii^ xdo^ris 

;faj; : ;a;:;v^ 

:thei: : :recir(^ 

(b) a vessel (43) containing the oil phase; 

into the aqueous phase; and 

(d) a final product vessel (31) . 

Both vessels (2) and (A3) are provided with heating means (4) and (32) 
respectively and vessel (31) is provided with cooling means (25). Vessel (43) 
has a removable lid and is further provided with a source of pressure <39). 
The various pumps , guages and valves which interconnect the vessels will 
hereinafter be described under the description of the procedure for operation. 

The membrane unit (14) is shown in more detail in Figure 21(a) . The 
cylindrical membrane itself (46) is supported by a (usually stainless steel) 
tody (52) and a further (usually stainless steel) concentric body (45), 
separated from (52) by seals (49) arid adjustable by clamps (44,48), provides a 
chamber (50) for the oil phase. Entry means are also provided for a gaseous 
pwge (51), for the oil phase (47) and for the aqueous phase (53). 




In operation, vessel (2) is filled to the appropriate level with the aqueous 
phase through valve (20). Vessel (43) is f illed to the appropriate level with 

both vessels are heated to the appropriate temperature by means of the heating 
tapes (4) and (32). The aqueous phase is then caused to flow through the 
apparatus by operation of pump (19) and regulation by valve (7), as shown by 
flowmeter (3) and pressure guages (12) and (17). 

yy^'^ 

to safety level. When all air is purged, valves (47) and (51) are closed and 
the oil pressure is brought to and maintained at the appropriate level by 

:;.[:-yy:^ 

remaining in vessel (43) and by samples of the emulsion removed through 
sampling valve (13). Small variation in the rate of flow of the aqueous phase 

:; : -:;:;:g;x;:;:;^ 

switching valve (22), and may be cooled to the appropriate temperature by use 



FiRure 22 shows an accurate representation of the droplets growing at a pore, 
derived from observations made with a high-speed camera, at given times. The 

pressure drop of 2 psi. It can be seen that increasing the cross- flow velocity j 
Of the aqueous phase from 0.19 a/s to 0.40 m/s decreases the droplet formation I 
time from 2380 milliseconds to 420 milliseconds. 



;:;w6;97/36674 
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> yi^iii^:- : 23: >shbws;:; 
x(:b):: : :&a^^ 

(c) a cross-section through the membrane showing an example of the finer 
coating layer overlying a coarser substrate. 



Velocity 

(a) droplet size; 

(b) number of oil droplets produced per pore per unit time:; 

( c) escape velocity of oil droplets from the pore (measured using a high-speed 

video- camera); and.; 
Cd): Reynolds Nt^ 

All data were obtained using a coarse pore size of 98 pm diameter and a 
pressure drop of 2 psi. It can be seen that increasing cross-flow velocity 

Figure 6 shows in isometric diagrammatical form the relationship between oil 
droplet size, cross^f low velocity of the aqueous phase and pressure drop 
across the membrane* 



Figure 26 shows a schematic diagram of a segmented membrane tube 
(corresponding to item 14 in Figure 1) which allows f or either two sizes of 
droplets of the same oil phase (in which case the same type of oil phase will 

|: : be;;cpnta^ 
^ich^pt^erj;-;^ 

phases will be contained in chambers 1 and 2 and the membranes 3 and 4 may be 
the same or different). This system may be extended by the use of additional 
membrane segments to cater for more than two different oil phases and/or oil 



•Figurfc:2?^ 

membrane assembly (as described in Figure 26) having mean pore diameters of 
0.5 microns and 4.0 microns, and operated at 40 psi and 10 psi repectively. 



RECTIFIED SHEET (RULE 91) 
ISA/EP 
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Id the Examples set out below, all % compositions are weight/weight. 

An aqueous phase was prepared by adding sorbitol mono-oleate l v Span" 80) 
(2.5%) to a stirred solution of polyoxyethylenesorbitan mono-oleate ("Tween" 
20) (2 ♦52) and (sodium "Nipastat") (0.3%) in water (64.7%) and the mixture was 
loaded into the aqueous phase tank of an apparatus as described in Figure 11. 
Mineral oil (30.0%) was loaded into the oil phase tank and the emulsifi cation 

;: : 5^ : 0 ji-m'/s^ 

distribution and droplet size distribution are shown in Figure 12 ; the mean 

^■dib^l^tSsi^ 

^b'fx^S^^ 

terms of a distribution coefficient c which is defined by the equation: - 

c = ( D 90 - D 10 )/D 50 

;:vher£i^ 

frequencies of the emulsion product when measured on a Malvern Instruments 
Mastersizer are 90%, 50% and 10% respectively. For a perfect monodisperse 

:;:jj>6*i^ 

The droplet site and sire distribution remained unchanged for several weeks, 
although there was some early phase separation. Figure 12(a) shows a 
photomicrograph of the product (magnification x 400); the striatipns in the 
image are caused by marks on the camera lens. 



Example 2 



An aqueous phase consisting of a solution of triethanolamine (3.0%) and sodium 
"Nipastat" (0.3%) in water (66.7%) was loaded into the aqueous phase tank of 
an apparatus as described in Figure 11. A solution of isostearic acid (3.0%) 
in mineral oil (27.0%) was loaded into the oil phase tank and the 



emulsif ication process was carried out for 6 hours with four different 
crossf low velocities. Figure 13(a) shows the pore size distribution (identical 
with that shown in Figure 12) and Figure 13(b) shows the droplet size 
distribution for each of the four velocities. The crossf low velocities are 
given as a range, because as the concentration of oil in the eauision 

number, which is a function of velocity times density divided by viscosity). 
In practice, the velocity falls by about 102 by the end of the process. The 

velocity larisesfr 

very small droplet sizes. 

Figure 14 shows the relationship between initial crossf low velocity and mean 
droplet size. There is an almost linear decrease of mean droplet size wit* 

: :incre^ingyveiipci^ 

fri^r^ ^ 

:;artii;^:;:;^^ 

(a) concentration of oil in the emulsion (30% by the end of the process); 

(b) mean droplet size; 

::(:p:):;;cro^ 
::(;d):::V:iSCp^ 

time and the crossf low velocity (c) falls as explained above. The mean droplet 
size (b) in practice decreases slightly with time. 

Figure 16 shows a photomicrograph of the product of Example 2 when the highest 
than those obtained from Example 1 as shown in Figure 12(a). 




This example describes by way of illustration tJie manufacture of a 
cosmetic-type emulsion at room temperature, and the effect of the cross- flow 
velocity on the droplets so produced. 

An aqueous phase consisting of a solution of t r ie than olamiiie (3- 02) and sodium 

phase tank (Figure 21, item 2) and a solution of isostearic acid (3.0%) in 
: inine*al^ 
>Fjpur>:emuiisific^ 
: :crpss-.f lowxvelpciti 

Figure 28 . Curve (1) shows the pore size distribution. Curves (2), (3), (4) 
and (5 ) > ishpv 
pfxa:;iialveTO:;Masters 
4v3£ arid 5.^ 
■;product;:;niariufactiire 

Example : 

lliisxexampl^ 

^ i aqueous phase vas prepared by ad^ 

to a well-stirred solution of sorbitol (36%) in water (36Z) and was loaded 

:intoxthexPilxphase 
•yerexpa^^ 

pore size 0.5 micron. The results are shown in Figure 30 in which curves PI 
and P2 show the pore size distribution, and curves Dl and D2 show the droplet 
size distribution measured using a Malvern Masters izer» respectively. 



The process described in Example A was repeated (using a ceramic membrane tube 
of nominal pore size 0,5 micron) except that when the desired oil 

continuously added, and emulsion product was continuously removed, the flow 
rates being matched to the oil flux rate so that the emulsion concentration in 
the aqueous phase tank was maintained at that of the final product. 
Measurements of emulsion concentration, production rate and particle size as a 

:: : fuj*ctipn 

Lasentec Corp < }< The results arei shown in Figure 31 ; emulsion concentration in 
Figure 31fa') « oil flux rate in Figure 31(b) , droplet size number count in 
Figure 31(c) and droplet size in Figure 31(d) , Figure 32 shows the pore size 
distribution of the membrane (curve 1) and the droplet size distribution 
(curve 2). It is clear from these results that the use of on-line 
• instrument^tibti 

Example 6 

This example demonstrates the production of a cosmetic emulsion at high 

:;tem£era^^ 

stirred water (88.252) maintained at 80°C. and then slowly adding 
triethanolamine (1.0%)* The solution was loaded into the aqueous phase tank 
and maintained at BQ°C. by use of the heating tape (Figure 21, item 4) . An 
oil phase was prepared by heating a mixture of petroleum jelly (6.5Z), mineral 
oil (1.5Z), glyceryl -s^nostearate (:0;^Z) and;:;is;oprppyl; : 

isostearate (0.25Z) to 80°C* and was loaded into the oil phase tank and 
^intained at 80°C. by use of the heating tape (Figure 21, item 32). The 
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Figure 33(a) shows 
process, whereas Figure 
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a cryogenic micrograph of the product obtained by the above 



shows a similar micrograph of an emulsion 



jiprepM^ 

lamallae stearate phase appears to beruptured in the conventional high shear 
process but is largely intact in the present example, the dispersed oil 
droplets being otherwise identical. The product of the present process has 
distinctive application properties from the: perspective of the user. 



xamnle: : :7: : : : : : : : : : : : 



|:An:;ia^ie^ 

betaine (10Jj)> cocadiethMblaoide (2.02) and preservative (0.22) in water 
(35.8%) and was loaded into the aqueous phase tank. Silicone oil was loaded 

•;:the : ;:Oonceritra^ 
; : :di : $txii^ 

Figure 34. It can be seen that the droplet size is comparable with the size of 

: ;:the:;i^ 
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1. A method f or preparing a mixture of the emulsion type wherein a 
discontinuous phase is introduced into a circulating continuous phase by 
xpassag^ 
following features:^ 

(a) it consists of a ceramic or sintered metal material; 

(b) it is formed in a plurality of segments which nay may be identical or 

: ; : ^ : o x • :dif f er eri t : • :f r ^ 

: : :C£) : :;^ 

the length of the tube. 

;:iaterii-i>^ 

through the material of the tube. 

::carried:;:6Ut 

together with means for providing a circulating continuous phase* means for 

:;prpyi;4in^ 

; :discontariuous: ; :phase> 

h. An apparatus as claimed in Claim 3 wherein the membrane consists of a 

: : :^at eri^^ 

5. methpdi of preparing: a mixtureof: tilie: emulsion type where in j: the 
^iscOTtinupy^xp 

use of a segmented membrane of the type described in Claim 1 wherein a f irst 
s *g»ent distributes a discontinuous phase into a continuous phase, and a 
further segment distributes a further discontinuous phase which coats the 
first discontinuous phase. 

6> A method as claimed in any of Claims 1 to 5 wherein the temperatures of the 
individual phases are able to be individually adjusted. 




A method as claimed in claim 



18 



Wherein 



the 
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membrane consists of stainless 



steei>^^ 



8. A method of controlling the start-up of an eoulsif ication process as 
claimed in Claim 1 which comprises the use of on-line measurements of the size 

;:and:;:si« 

a reed-back signal to control the cross* flow velocity of the continuous phase 
and thereby ensure that the desired size and size-distribution of the final 

: : discpntinuw 



9. A method as claimed in Claim 8 wherin the on-line measurements are made by 
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Fig. 3 
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Fig. 6 
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(b) Droplet size distribution 
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Fig 23a 




Fig. 23b 
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